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Studies of theelectrophoresis of colloids by the movingboundary
method' have been greatly stimulated by the recent contributions of
A. Tiselius.8 The new electrophoresis cell of Tiselius is built up of
rectangular, cementedglass compartments which may be shifted with
respect to each other by sliding on greased,
ground surfaces. The connections with the
electrode vessels are made with rubber
sleeves. While this construction is necessary
for the actual separation of mixtures of col-
loids, such cells are expensive, the prepara-
tion of each experiment is a lengthy
procedure, and thevarious junctions between
the individual elements are potential sources
ofelectrical and fluid leaks. Inexperiments, L however, where only an optical analysis of
colloid mixtures, with regard to their elec-
trochemical homogeneity, number of compo-
nents, mobility, or concentration is desired,
a simpler arrangement may be used. Thus,
the cylindrical U-tube cell described earlier Fiar 1o Modified Tiseius elec-
by Tiselius' has been used in this laboratory
over a period of two years for the optical analysis of a variety of
protein systems, with satisfactory results. Since only visible light is
employed in the Toepler schlieren method, the quartz parts of the
original cell were replaced by 9 mm. Pyrex glass tubing, selected for
uniformity of bore and freedom from air bubbles. This cell can be
made in one piece, eliminating all rubber and grease connections.
Lately, the portion of the U-tube in which the migration of protein
boundaries is to be observed, has been replaced by two chambers of
rectangular cross-section as shown in Fig. 1. The side walls of these
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inserts are formed of flat Pyrex glass strips which are ground at their
edges. The front and back windows are made from microscope
object slides, cut to size and attached to the ground rims of the walls
with DeKhotinsky cement or Glyptal solution. Our present model,
which has chambers of 60 mm. height, 6.5 mm. width, and 19 mm.
depth, was made to our specifications by the Macalaster Bicknell
Company of New Haven. Advantages ofthis cell over the cylindri-
cal U-tube are the two-fold increase in optical sensitivity owing to
the increase in depth and the improved heat exchange with the
2 3 refrigerated bath8 due to the elongated 1 v~ 2 3 cross-section. In this type of cell, the
. -tsprotein solution is stratified below the
supernatant buffer mixture by carefully
adjusting the bottom stopcock connect-
C j ing the U-tube with the protein storage
imi --11 1_ container in the rear of the cell. If the
D B r * aD protein concentration is not lower than
0.5 per cent and if sufficient time is £="-- allowed for the process of stratification
(at least 30 minutes) well-defined
boundaries are formed in-this manner.
If it is desired to utilize the entire
length of the chambers in an experi-
FiG. 2. Uiveral schijeren diaphragm ment, the boundaries may either be
for use with Toepler schlieren band and shifted before starting the current flow Longsworth scanning method. by injecting buffer solution in one elec-
trode container or else one electrode
vessel may be sealed with paraffin when the boundaries have reached
the bottom of the cemented chambers, thereby keeping one boundary
stationarywhile the otherboundary rises to the top ofthe other com-
partment. This cell is being employed at present for the study of
blood sera ofvarious species.
When the Toepler schlieren method is used for the optical analy-
sis ofelectrophoretic diagrams, the appearance of the schlieren bands
is determined by the type of movable diaphragm placed in front of
the camera lens. Thus, a single straight edge will yield dark schlie-
ren bands on a bright background or bright bands on a dark back-
ground, depending on whether it approaches the main pencil of
light from below or above, while with a slit diaphragm both edges
of each schlieren band will appear as separate bright lines on a dark
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background. The original Toepler arrangement has recently been
modified"' 3,4,6 to yield curves which represent integrations of the
entire refractive index gradients existing in the electrophoresis or
ultracentrifuge cell under observation. In the schlieren scanning
method of Longsworth3 a diaphragm in the form of a single edge is
mechanically raised while the photographic plate or film moves
horizontally past a narrow vertical slit.
In order to apply the original Toepler
method, as well as Longsworth's schlie-
ren scanning method, to the analysis of
electrophoretic diagrams, with a choice of
the various types of diaphragms men-
tioned above, the universal schlieren dia-
phragm sketched in Fig. 2 has been
designed.
When the lever A is lifted from I and
swung around 3 to the other side, a wide
gap forms between the bevelled straight
edges B and C which are made of stainless
steel. If, then, the lower edge B is used
in conjunction with the schlieren scanning edge - slit
arrangement the concentration gradients Fia. 3. Schlieren scanning dia-
in the electrophoresis cell appear as blak grams of human arthritis plasma in the electrophoresis cell appear as black after electrophoresis. areas on a white background, as described Light-source slit, 0.23 mm.;
by Longsworth.3 The reverse is the case width of anit diaphragm used in
* r . , . , ,, . ~~~~~right-hand diagram, 0.79 mm. if the upper edge C is used for scanning. Light-source, high-pressure mer-
When the bar A is held stationary by a cury am lamp, type H-3, without
*. .. .. I~~~~~~~~ight filters. 35 mm. Eastman pin inserted in position 2, the two blades positive film. Plasma samplesup-
B and C form a slit, the width of which plied by Dr. Clarence L. Robbins,
of the Department of Internal may be varied between wide limits with Medicine.
the aid of the graduated top center screw.
In this arrangement, the slit is maintained at a constant width
throughout the scanning operation. If, however, the pin is trans-
ferred from position 2 to position 1, the slit gap will automatically
decrease as the gear mechanism indicated at the bottom of Fig. 2
raises the slit during scanning. The ratio between the rate of scan-
ning and the rate of change in slit width depends on the length of
the lever arm from I to 3 and may be varied within certain limits by
changing the location of the holder D. On theoretical grounds, the
variable slit arrangement should possess a definite advantage over
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the fixed slit arrangement, inasmuch as it allows one to use a wide
slit in the region of low light intensity, i.e., near the peaks of the
electrophoretic pattern, and a successively decreasing slit width and
therefore increasing optical definition as the main beam of light is
approached. The desirability of such a change in slit width has been
demonstrated by Lamm2 in his ultracentrifuge work with the visual
slit method. Both the fixed and the variable slit arrangements yield
bright curves in a dark field, the thickness of which depends on the
slit width chosen. The lower limit of the latter is determined by
the appearance of diffraction patterns at slit gaps below about 0.2
mm. The diaphragm at the light source is formed by an unsym-
metrical Gaertner slit which is set between 0.2 and 0.5 mm. The
photographs reproduced in Fig. 3 were obtained with a single edge
and a fixed slit respectively, using the modified electrophoresis cell
shown in Fig. 1.
Owingtothe fact that thelenses employed in the present appara-
tus are standard photographic objectives and hence are not specially
corrected for use with the schlieren method, it has not as yet been
possible to compare the variable with the fixed slit method under
critical conditions. The theoretical advantages of a slit diaphragm
over asingle edge have been pointed out by Svensson.6
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